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ABSTRACT
As a quenching mechanism, AGN feedback could suppress on-going star for-
mation in their host galaxies. On the basis of a sample of galaxies selected
from ALFALFA HI survey, the dependence of their HI mass (MHI), stellar mass
(M∗) & HI-to-stellar mass ratio (MHI/M∗) on various tracers of AGN activity
are presented and analyzed in this paper. Almost all the AGN-hostings in this
sample are gas-rich galaxies, and there is no any evidence to be shown to indi-
cate that the AGN activity could increase/decrease either MHI or MHI/M∗. The
cold neutral gas can not be fixed positions accurately just based on available HI
data due to the large beam size of ALFALFA survey. In addition, even though
AGN-hostings are more easily detected by HI survey compared with absorption
line galaxies, these two types of galaxies show similar star formation history. If
an AGN-hosting would ultimately evolve into an old red galaxy with few cold
gas, then when and how the gas has been exhausted have to be solved by future
hypotheses and observations.
Subject headings: galaxies: evolution — galaxies: active — radio lines: galaxies
— galaxies: nuclei
1. Introduction
Since the discovery of active galactic nuclei (AGNs) seventy years ago, there has been a
rapid advance in our understanding of them. Recently, one important progress in the study
of AGNs is that there are accumulating evidences supporting the co-evolution scenario of
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AGNs and their host galaxies (see the review by Kormendy & Ho (2013)), and this co-
evolution has been supported by several observational facts (e.g., Magorrian et al. 1998;
Tremaine et al. 2002; Cowie et al. 2003; Greene & Ho 2006; Woo et al. 2010). For nearby
galaxies, a number of spectroscopic surveys of nuclei have been conducted, and these surveys
show a fact that the galaxies hosting weak AGNs are very popular in the local universe
(Ho et al. 1997). Therefore, the investigation of the interaction between AGNs and their
host galaxies is essential for understanding the evolution of galaxies.
In order to describe the co-evolution of AGNs and galaxies, many models have involved
thea AGN feedback (e.g., Fabian 1999; Granato et al. 2004; Hopkins P. et al. 2006): the
energetic output from AGN heat surrounding medium (both gas and dust) and expel them
away. The dense gas is not only vital to the growth of central black hole, but also indispens-
able as the raw material to form stars (Kennicutt 1998a; Kennicutt & Evans 2012), hence
the feedback from AGNs could suppress surrouding star formation.
Hydrogen is the most abundant element in the universe, so neutral atomic hydrogen (HI)
is a frequently used tracer of cold gas. As the raw material to feed the central nuclei and to
form new stars, HI plays a fundamental role in the formation and evolution of galaxies. But
HI has not direct connection with current star formation. HI need to transform to molecular
hydrogen, then the dense core embeded in molecular cloud condense enough to evolve into
protostars (Bergin & Tafalla 2007). However, observational information of the HI could
still provide crucial constraints on the star formation theory: the surface density of HI has
been firstly scaled to the surface density of star formation rate by Schmidt (1959), then
has been improved by Kennicutt et al. (1989, 1994); Kennicutt (1998b); in the last decade,
many studies, such as Evoli et al. (2011); Toribio et al. (2011a,b); Huang et al. (2012), have
investigated how the HI content varies with stellar properties in normal galaxies.
AGN feedback could heat the gas reservoir that have been built up before the AGN
activity began, or even drive part of the gas out of its host (e.g., Di Matteo et al. 2005). In
order to investigate the interaction between the active black hole and surrounding gas, the
deep and large area blind HI survey is necessary (Heckman et al. 1978; Mirabel & Wilson
1984). Ko¨nig et al. (2009) showed a study of HI in 27 nearby low-luminosity quasi-stellar
objects (QSOs). The median HI mass in their whole sample is of the order of 11.4×109 M⊙,
which is a factor of two higher than the HI content of milky way. This means that HI in these
low-luminosity QSOs is abundant. However, they did not find strong correlation between
HI mass and IR luminosity, though the IR luminosity is usually considered to be connecting
with the intensity of star formation and AGN (e.g., Kennicutt 1998a; Sanders & Mirabel
1996). Ho et al. (2008a) performed a HI emission survey for more than one hundreds local
galaxies, and all of these galaxies host broad-line (type-I) AGN in their centers. They found
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that the host galaxies of type-I AGNs, including those ones which are luminous enough to
be qualified as quasars, were generally gas-rich systems such as the quiescent objects of the
same morphological type (Ho et al. 2008b). On the basis of the data of Herschel Reference
Survey (HRS; Boselli et al. 2010), which is a combination of multi-wavelength observations
of more than 300 local galaxies, Hughes & Cortese (2009) did not find any connection
between the AGN feedback and the decrease of the amount of neutral gas; on the contrary,
they proposed that the environmental effects might play a significant role in the suppressing
of star formation.
According to the AGN unified scheme (Antonucci 1993; Urry & Padovani 1995), the
narrow-line (type-II) AGN is those to be observed through an obscuring structure, such as
torus (Hatziminaoglou et al. 2009), which prevents a direct view of the emission lines from
broad-line regions. Therefore, for the narrow-line AGNs, the effect of AGN feedback acting
on gas content in host galaxies should also be investigated. Ordinarily, narrow-line AGNs
are selected on the basis of the widths and flux ratios of some optical emission lines. Based
on this selection methodology and stacking technique for measuring the average HI con-
tent, Fabello et al. (2011) conducted an investigation of a sample of narrow-line AGNs from
Arecibo Legacy Fast ALFA survey (ALFALFA; Giovanelli et al. 2005a,b, 2007; Haynes et al.
2007). Fabello et al. (2011) did not find significant difference in HI content between galaxies
with and without AGNs. However, they did not discriminate the Seyfert galaxies (Seyfert
1943) from LINERs (stand for Low-ionization nuclear emission-line regions; Heckman 1980),
and still contained composite galaxies defined by Kewley et al. (2006) as well.
In this work, an observational study of effect of strength of narrow-line AGNs on neutral
gas located in their host galaxies will be performed, by utilizing the observations of some large
area surveys released recently. The structure of the paper is as follows. The construction
of the sample and the estimation of AGN activity are described in §2. The major results
are presented in §3. Some discussions and a summary of this work are given in §4 and
§5. Throughout this paper, a ΛCDM cosmology with Ωm = 0.3, ΩΛ = 0.7 and H0 =
70 km s−1Mpc−1 was adopted.
2. Sample and Data Reduction
2.1. ALFALFA Survey
As the most popular second generation blind HI survey, the ALFALFA survey initiated
in 2005 Feb, and it would map about 7000 deg2 of high galactic latitude northern sky with
declination lower than +36 deg. As the largest blind HI survey so far, when complete,
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ALFALFA would detect more than 30,000 galaxies. This survey used a seven-beam array
named Arecibo L-band feed array (ALFA) mounted on the Arecibo 305m antenna with the
spectral resolution of 5.5km/s and beam size of 3.5′, that is about 4 times better than that
of previous HI surveys, such as HIPASS (stand for HI Parkes All Sky Survey; Barnes et al.
2001; Meyer et al. 2004). Considering the excellent sensitivity of Arecibo antenna, ALFALFA
could detected more deep universe with boundary of about 250Mpc.
Recently, A pilot HI catalog has been released to public by ALFALFA team (Haynes et al.
2011; Martin et al. 2010). The coverage of the pilot HI survey is about 2800 deg2 of sky,
which is about 40% compared to final survey area. Hence, the released pilot HI catalog,
containing the flux, mass and line width of HI, was called as α.40 catalog. This catalog
contains 15855 sources (15041 of them are extra-galactic HI sources) in four parted regions,
two in the spring northern sky and two in the fall northern sky. In order to match with opti-
cal spectral data, only the spring sources were selected in this paper (130.0◦<RA<240.0◦ &
4.0◦<DEC<16.0◦, 120.0◦<RA<247.5◦ & 24.0◦<DEC<28.0◦). The ALFALFA survey detects
HI sources out to distance of about 250Mpc (corresponding to redshift z∼0.06), but a gap
around 225Mpc is exist due to the disturbance from the radar located at a nearby airport.
In order to avoid this contamination, a redshift range of 0.01<z<0.05 was used in this work.
Here, the setting of lower redshift limit is for the sake of adequate cover area to perform
classification based on the optical spectra. After that, there are totally 7019 HI sources left.
2.2. The Sloan Digital Sky Survey
The optical spectral sample galaxies are selected from the Sloan Digital Sky Survey
(SDSS; York et al. 2000). A series of processed catalogs containing data of SDSS release
seven (DR7; Abazajian et al. 2009) supplied in MPA website 1 were downloaded. A total
of 927, 552 sources are listed in these catalogs. Except raw data, some derived physical
quantities, such as spectral redshift, the fluxes of optical emission lines, stellar masses &
metallicities, are supplied as well. The detailed descriptions about the data reductions could
been found in a series of papers (Kauffmann et al. 2003a; Tremonti et al. 2004; Salim et al.
2007). The spectral observation of SDSS is deeper than ALFALFA survey. In the two spring
regions listed above with the redshift range of 0.01<z<0.05, there are 23009 SDSS optical
spectral sources.
The SDSS spectral sample were matched with the 7019 HI sources with the radius of
3′′, and 6762 of them have been included in α.40 catalog. There is not any galaxies with
1http://www.mpa-garching.mpg.de/SDSS/DR7/
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multiple matches with the radius of 3′′. If we enlarged the matching radius to 5, 7, 10, 15′′,
there would be 6887, 6926, 6953, 6972 HI sources left after cross-matching. Hence, for the
HI sources, the completeness of our sample is about 97%. This cross-matched sample (with
the radius of 3′′) containing optical and HI observations will be called as α.40-SDSS sample
throughout this paper.
2.3. Spectral Classification
In order to select type-II AGNs, first of all, the emission lines galaxies should be sepa-
rated from the absorption line ones. Traditionally, the Hα equivalent width EW(Hα)∼0.0A˚,
which means only continuum could be detected around rest-frame 6563A˚, was considered
as the border of emission and absorption line galaxies (Zhu et al. 2010). But in this work,
for avoiding cross-contamination between emission and absorption line galaxies, EW(Hα)∼-
1.0A˚ is used as the upper limit to choose emission line galaxies. For the derived spectral
lines in MPA-JHU catalogs, the positive and negative signs means absorption and emis-
sion, respectively. These definition would also be employed in this study: the galaxies
with EW(Hα)>1.0A˚ are classified as absorption line galaxies; those with the absolute value,
|EW(Hα)|<1.0A˚, are treated as transition galaxies.
For the emission line galaxies, the optical spectral classifications of galaxies were made by
adopting the traditional BPT diagnostic diagram: [NII]/Hα versus [OIII]/Hβ (Baldwin et al.
1981; Veilleux & Osterbrock 1987), as shown in Figure 1. Only the sources with the signal-
to-noise ratio (S/N) of Hα, Hβ, [OIII], [NII] emission lines greater than 3σ were selected.
The dashed curve in the left panel of Figure 1 is from Kauffmann et al. (2003a) (hereafter
Ka03 line) and the dotted curve is from Kewley et al. (2001) (hereafter Ke01 line). The
objects located below the Ka03 line were classified as star-forming galaxies; those above
the Ke01 line were classified as narrow-line AGNs; those between the above two lines were
classified as composite (starburst + AGN) galaxies (Kewley et al. 2006; Wu et al. 1998). For
comparison, the total 23009 SDSS sources were also classified in the same way. Table 1 lists
the numbers of galaxies after spectral classifying.
The sources that were classified as narrow-line AGNs include type-II Seyferts and LIN-
ERs. However, it is difficult to distinguish type-II Seyferts from LINERs simply based on the
[NII]-to-Hα flux ratio, because this flux ratio is not sensitive to the hardness of the ionizing
radiation field. Kewley et al. (2006) have taken advantage of the other two BPT diagnostic
diagrams ([SII]/Hα vs. [OIII]/Hβ and [OI]/Hα vs. [OIII]/Hβ) to seperate Seyferts and
LINERs. In this study, only the [OI]/Hα vs. [OIII]/Hβ diagram is used. dSF is a parameter
to represent the distance from the star-forming sequence (next subsection) based on the
– 6 –
flux ratio of [OI]-to-Hα and [OIII]-to-Hβ. Only the galaxies have the measured S/N of [OI]
emission line greater than 3σ is used to distinguish type-II Seyferts from LINERs. For the
153 AGNs in α.40-SDSS sample described above, 141 of them satisfy this criterion.
The emission-line fluxes of [OI] & Hα have been corrected for foreground and intrinsic
extinction because of the relatively large wavelength gap of ∼250A˚ between [OI] & Hα.
The foreground extinction was corrected by assuming the Cardelli et al. (1989)’s extinction
curve and RV=3.1, and the intrinsic extinction correction was corrected based on the color
excess E(B-V) which was acquired from the Balmer decrement FHα/FHβ (Calzetti 2001).
Kewley et al. (2001) presented maximum starburst line on every BPT diagnostic diagrams,
which could be seen as the upper limit of emission line ratios ionized by photons from young
hot stars. After that, 3 sources were deleted from AGNs: these 3 sources were the ones to
be classified as AGNs in the [NII]/Hα vs. [OIII]/Hβ diagram but below the upper boundary
(dotted black curve in the right panel of Figure 1) of the star-forming galaxies in the [OI]/Hα
vs. [OIII]/Hβ diagram. In the right panel of Figure 1, the solid line raised from the dotted
curve are the boundary to separate Seyferts from LINERs defined by Kewley et al. (2006):
the upper branch are classified as Seyferts (orange circles), and the lower branch are classified
as LINERs ( red circles). There are totally 80 Seyferts and 58 LINERs in α.40-SDSS sample.
In the right panel of Figure 1, the star-forming galaxies and composite galaxies classified
in [NII]/Hα vs. [OIII]/Hβ diagram are also demonstrated with blue dots and green crosses
respectively.
Some studies, such as Capetti & Baldi (2011), proposed that traditional BPT diag-
nostic diagrams were not a useful tool to reveal the distinction among various emission line
galaxies, becasue the equivalent widths of these optical lines were not involved in tradi-
tional BPT diagnostic. Cid Fernandes et al. (2011) introduced the criterion of EW(Hα)<-
3.0A˚ as a necessary condition for the existence of active nucleus. They proposed that the
AGNs selected based on traditional BPT diagrams with EW(Hα)>-3.0A˚ are retired galaxies
(Cid Fernandes et al. 2010) who might have a fake AGN located in the central region of the
hosts. The output of Balmer emission lines of retired galaxies could be from the photoion-
ization by stellar populations older than 100 million years. In this work, the AGNs (both
Seyferts and LINERs) with EW(Hα)<-3.0A˚ are distinguished with the others, and numbers
of them are 70 & 18 for Seyferts & LINERs, respectively (see Table 2.). In both panels of
Figure 1, the solid orange & red circles represent the Seyferts and LINERs with EW(Hα)<-
3.0A˚, and the open orange & red circles represent the ones with -3.0A˚<EW(Hα)<-1.0A˚.
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2.4. AGN activity
For a galaxy whose output is dominated by its central AGN, its emission of [OIII] is
considered to be originated from narrow line region and excited by central AGN. The lumi-
nosity of the [OIII]λ5007 emission line (hereafter as L[OIII]) are merely suspected to scale
with the AGN bolometric luminosity (Heckman et al. 2004), so L[OIII] is statistically used
as a tracer of AGN activity for narrow-line AGNs by many authors (Risaliti et al. 1999;
Kauffmann et al. 2003a; Wang & Wei 2008; Wang et al. 2013). The optical [OIII] emis-
sions suffer from the dust extinctions from both Milky Way and the host galaxy. In this
study, the foreground Galactic extinction was first corrected by assuming the Cardelli et al.
(1989)’s extinction curve and RV=3.1. Then the intrinsic extinction correction was per-
formed, based on the color excess E(B-V) which was acquired from the Balmer decrement
FHα/FHβ (Calzetti 2001).
The ionizing radiation fields related with AGNs are often harder than the ones excited
by young stars. For Seyfert and LINER branches respectively, Kewley et al. (2006) presumed
two base points on the [OI]/Hα vs. [OIII]/Hβ diagram (the two big black solid circles in
the right panel of Figure 1). For a Seyfert or LINER, the dSF is the normalized distance to
the corresponding base point. The normalization, not a special physical quantity but just
for convenience to compare between this two types of galaxies, was performed by dividing
1.55 dex or 1.65 dex for Seyferts or LINERs. Compared with those with smaller dSF , the
AGNs with larger dSF could be considered that the percentage of the contributions from
star formations are much smaller in the total output of the whole galaxies (Wu et al. 2007).
Moreover, the ratios of [OIII]-to-Hβ and [OI]-to-Hα are the projections of dSF : the ratio of
[OIII]-to-Hβ are sensitive to the hardness of radiation field; while the ratio of [OI]-to-Hα has
been found roughly correlated with the X-ray spectral slopes, which should be effected by
the power of AGN (Wang & Wei 2010). For Seyferts, Kewley et al. (2006) have illustrated
the dSF increased as a function of L[OIII], the traditional tracer of AGN activity described
above. But for LINERs, the relation between dSF and L[OIII] is unclear.
3. Results
Figure 2 shows the variations of MHI (HI mass), M∗ (stellar mass) & MHI/M∗ (HI-
to-stellar mass ratio) with some factors tracing AGN activity: L[OIII] (a1, a2, a3), the
ratio of [OIII]-to-Hβ (b1, b2, b3) & dSF (c1, c2, c3). The M∗ was derived by fitting optical
photometries of SDSS with population synthesis models (Bruzual & Charlot 2003), and was
provided by MPA-JHU in their catalogs. The solid orange & red circles in Figure 2 are the
Seyferts and LINERs with EW(Hα)<-3.0A˚; the open orange & red circles are the Seyferts
– 8 –
and LINERs with -3.0A˚<EW(Hα)<-1.0A˚. For comparison, the locations of star-forming and
composite galaxies are shown with blue and Green contours respectively. Since no dSF could
be estimated to quantify the AGN activity for composite galaxies, the ratio of [OIII]-to-Hβ
is employed as the representative of dSF in the middle column panels of Figure 2. The ratio
of [OIII]-to-Hβ could be an indicator of radiation field hardness(Hogg et al. 2005) and be
simply seen as the projection of dSF . In addition, it must be noted that for most of the low
redshift star-forming and composite galaxies, their L[OIII] might be underestimated, because
the most outputs of [OIII] in these galaxies are from star formation regions, which can spread
all over the galaxy, instead of the central regions covered by the 3′′ diameter fibers of SDSS.
In Figure 2, we can see that most of the galaxies, including star-formings, composites
& AGNs, show the similar MHI range from 10
9M⊙ to 3×10
10M⊙. Star-forming galaxies
have wide ranges of both M∗ & MHI/M∗. Their M∗ ranges from 10
8M⊙ to 10
11M⊙. But
the galaxy with M∗ lower than 5×10
9M⊙ is definitely absent in other types of galaxies. For
the star-forming galaxies with M∗ lower than 5×10
10M⊙, their [OIII]-to-Hβ are obviously
higher than the other star-formings. They are supposed to be in the upper-left star-forming
branch in [NII]/Hα versus [OIII]/Hβ diagnostic diagram with lower metallicity (Wu et al.
2007). Additionally, a large amount of the composite galaxies, represented by green contours
in Figure 2, show signs of sufficiency in both the MHI and M∗, just like the AGN-hostings
rather than most of star-formings.
For the AGN-hosting galaxies (both Seyferts and LINERs) presented in Figure 2, some
characters could be seen: first of all, approximately all the AGN-hosting galaxies (both
Seyferts and LINERs) in α.40-SDSS sample are gas-rich galaxies, with the MHI greater than
2×109M⊙, which indicates the neutral gas content in AGN-hostings is as abundant as in
star-forming and composite galaxies; Secondly, besides neutral gas, the AGN-hostings also
possess a large number of stars; Thirdly, LINERs in α.40-SDSS sample prefer to have larger
M∗ than Seyferts: aside from few ones, the M∗ in almost all the LINERs are greater than
3×1010M⊙, but this value can not be simply considered as the lower M∗ limit for Seyferts
in this sample; Fourthly, AGN-hosting have plenty of neutral gas and stars, which leads to
the lower MHI/M∗ compared with a lot of star-formings; Finally and most important of all,
for the AGN-hosting galaxies (both Seyferts and LINERs) in α.40-SDSS sample, there is no
evidence to indicate the dependence of MHI , M∗ & MHI/M∗ on the AGN activity: both MHI
and M∗ do not increase or decrease with the raising of either L[OIII] or dSF .
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4. Discussion
4.1. Aperture Effect
The aperture of the SDSS fiber is 3′′. For the galaxy hosting active nucleus in its center,
its emission lines are usually from a confined small region. As an example, Ho et al. (1997)
detected ionized gas in the central few hundred parsecs of a large number of local galaxies to
search active nuclei. But if the emitters of nebular lines spread all over the galaxies rather
than the central part, such as most of late-type spiral galaxies do, the aperture effect could
not be ignored (Moran et al. 2002; Maragkoudakis et al. 2014), and an aperture correction
has to be done to derive the total luminosities of these emission lines (e.g., Hopkins A. et al.
2003).
The galaxies in this work cover a wide redshift range from 0.01 to 0.05, and the 3′′
diameter of SDSS fibers corresponds to a large range of physical size (0.6, 1.2, 1.8, 2.4,
2.9kpc at redshift z∼0.01, 0.02, 0.03, 0.04, 0.05). Hence, for the area covered by the fiber’s
aperture, there is a remarkable variation of about 23 when the redshift increase from 0.01
to 0.05. As described above, two parameters, L[OIII] & dSF are used to trace AGN activity.
For dSF , which is derived from ratios of some emission lines, the aperture effect should not
be taken into account by assuming the spatial coincidence of the emitters of these lines.
Nevertheless, for L[OIII], if the [OIII] emitters do not concentrate in the central regions of
the galaxies, the underestimation of L[OIII] would be inevitable.
Will the aperture affect the results obtained above of correlations between HI abundance
and AGN activity quantified by L[OIII]? In order to examine it, the galaxies in α.40-SDSS
sample are grouped into several redshift bins (0.01∼0.02, 0.02∼0.03, 0.03∼0.04, 0.04∼0.05),
as shown in Figure 3. We could find that, the panel columns from left to right in Figure 3,
both the MHI & M∗ increase slowly with the raising of redshift for all types of galaxies. For
star forming galaxies, which constitute the largest sub-sample in α.40 sample, their median
values of log10MHI and log10M∗ in the unit of solar mass are 9.18, 9.49, 9.75, 9.96 and
8.66, 9.15, 9.50, 9.68, from redshift range 0.01<z<0.02 to 0.04<z<0.05. This trend could
be understand because both the α.40 and SDSS MPA-JHU are the flux-limited samples,
rather than volume-limited ones, thus only the brighter galaxies could be seen when the
redshift raised. In each panel of this figure, we can see that either the star-forming &
composite galaxies (blue and green contours) or the AGNs (orange and red circles) display
similar distributions as in Figure 2, which indicate again that the dependency of MHI , M∗
& MHI/M∗ on the AGN activity are negligible.
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4.2. IR Color & AGN Activity
Every method for searching active nuclei hidden in the center of galaxies, would in-
evitably lead to the bias to some particular types of AGNs. For instance, without consid-
ering the AGNs with obvious broad emission lines, the optical spectral diagnostic is biased
to weak AGNs with powerless X-ray emission (Juneau et al. 2013). Moreover, only based
on the selection of standard BPT diagrams, some early-type galaxies without apparent ac-
tivity of nuclei but with prominent emissions from (post-) Asymptotic Giant Branch (AGB
& p-AGB) stars, would be possibly misdiagnosed as AGN-hosting galaxies (Stasin´ska et al.
2008). Hence, it is indispensable to adopt many methods to select AGNs and to quantify
their activity. In fact, besides the optical emission lines, the detections of radio and hard
X-ray continuum are common methods to search AGNs as well. Nevertheless, the radio
continuum selection biases to radio-loud AGNs. Radio-loud AGNs are strong ones and the
number of them is small with the fraction of about 10∼20% (e.g., Kellermann et al. 1989;
Urry & Padovani 1995).
Even though the hard X-ray luminosity is a powerful tool to identify nuclear accretion
activity due to the ablility of hard X-ray photons to penetrate the obscuring material, this
method is limited by the sensitivity of nowadays hard X-ray satellite (e.g., Tueller et al.
2008). The incremental Second XMM-Newton Serendipitous Source Catalog (2XMMi) is an
updated version of the 2XMM catalog (Watson et al. 2009), and is the largest catalog of
hard X-ray sources ever published so for. By matching 2XMMi and SDSS-DR7 photometric
observations, Pineau et al. (2011) presented a catalog, which was used to join with the α.40-
SDSS sample in this study with the same SDSS PHOTOOBJID. Unfortunately, only 18
sources left, and only 1 of them is AGN (a Seyfert). Consequently, it is an unrealistic
method to adopt the hard X-ray luminosity to trace the AGN activity for us.
The output of galaxies at Infrared (IR) could be used to select AGNs as well. Besides
IR spectral diagnostic (e.g., Genzel et al. 1998; Armus et al. 2006; Spoon et al. 2007) and
the IR bump at wavelength range from 10µm to 50µm (e.g., Laurent et al. 2000; Hao et al.
2005; Buchanan et al. 2006; Zhu et al. 2008), the slope of IR continuum at wavelength range
from 1µm to 5µm is also sensitive to the activity of AGNs: generally, the continuum of a
normal galaxy is dominated by evolved stellar populations at this wavelength range, and has
a peak at approximately 1.6µm, which is known as the 1.6µm bump feature (Hanami et al.
2012); while if a galaxy hosts a powerful AGN, the power-law spectral energy distributions
(SEDs) would be expected as the most significant feature. Moreover, the extinction in this
wavelength range is clearly weak.
The methods by using the IR color criteria at wavelength of 1µm<λ<5µm to search
AGNs, have been initiated by some studies (Lacy et al. 2004; Stern et al. 2005) based on the
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observations of Spitzer Space Telescope (Werner et al. 2004). Then, these methods have
been developed (Stern et al. 2012; Assef et al. 2013) on the basis of the observations of the
Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010). Here, the IR color derived
from WISE All-Sky Survey catalog will be utilized to check the optical spectral classification
and quantify AGN activity.
WISE has observed the whole sky at 3.4, 4.6, 12 and 22µm with angular resolutions
of 6.1′, 6.4′, 6.5′ and 12.0′′, respectively. precision has been improved by cross-matching
with the catalog of 2MASS (stands for Two Micron All-Sky Survey). After doing that, the
astrometric precision is better than 0.15 ′′ for the sources with higher S/N (Jarrett et al.
2011). The 6762 galaxies in α.40-SDSS sample were matched with those sources in WISE
All-Sky Survey catalog with the radius of 3′′, and 6270 of them have been observed by WISE
with the S/N>3σ at 3.4 & 4.6µm. After the spectral classification described above, in this
α.40-SDSS-WISE sample, there are 4769 star-forming galaxies, 469 composite galaxies, 78
Seyferts (68 of them have EW(Hα)<-3.0A˚), 57 LINERs (18 of them have EW(Hα)<-3.0A˚).
The left panel of Figure 4 is a color-magnitude diagram to distinguish powerful AGNs
from the galaxies whose continuums at wavelength of 1µm<λ<5µm are dominated by evolved
stellar populations. The WISE magnitudes used here refer to the Vega system. Assef et al.
(2013) have presented a criterion of m3.4µm-m4.6µm ≥0.8 and W2<15.05 to identify AGNs. In
the left panel of Figure 4, we could see that only a handful of optical selected AGNs could be
classified as IR selected AGNs. Most of the optical selected AGNs, especially the LINERs,
their outputs at 3.4 & 4.6µm are definitely dominated by evolved stars, which cause their
m3.4µm-m4.6µm colors are approximately 0. The right panel of Figure 4 shows that the most
of the sources with redder m3.4µm-m4.6µm color, also have larger L[OIII].
Figure 5 shows the variations of MHI , M∗ & MHI/M∗ with the IR slope. Apart from
one galaxy, almost all the LINERs are crowded in a small region in each panel. The Seyferts’
MHI , M∗ & MHI/M∗ do not vary obviously with IR slope. Even for the powerful AGNs with
red m3.4µm-m4.6µm color, their neutral gas is still abundant, which is similar as the result
obtained above.
4.3. AGN Effect on Neutral Gas
The beginning of star formation is a key problem for understanding the evolution of
galaxies. As the most abundance element in the universe, HI is the raw material of stars
(Schmidt 1959). Nevertheless, HI is not direct connect with star formation (Waller et al.
1987; Kennicutt 1998b). This kind of gas still needs to cool down enough to condense to form
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stars (McKee & Ostriker 2007; Zinnecker & Yorke 2007). Observations have indicate that
neutral atomic gas have transfered to molecular gas before collapsing and fragmenting to form
stars (Gao & Solomon 2004; Brodie & Strader 2006; Komugi et al. 2007; Bigiel et al. 2008).
The quenching of the star formation is important as well. The most popular candidates to
extinct the forming of stars are the environmental effects (Smith et al. 2012; Tal et al. 2014)
and the feedback from the supermassive black holes (Di Matteo et al. 2005; Hopkins A. et al.
2005).
In this work, we confirm that almost all the type-II AGNs are gas-rich, similar as the
results presented by Ko¨nig et al. (2009); Ho et al. (2008b); Fabello et al. (2011). And the
AGN activity, traced by L[OIII], dSF and IR color, seems not to influence the reservoir of
neutral gas. We should note that the AGN-hostings in α.40-SDSS sample are mature galax-
ies. The young stellar populations are absent in these sources (see next sub-section). So the
quenching must have happened million years ago, and AGN feedback would be responsible
for the quenching.
Whatever, it is surprised that plentiful gas is still possessed by the quenched galaxies.
Without considering the environmental effects, though they can not be ruled out roughly, a
plausible explanation is the power of AGN feedback is too small to expel the gas, which has
been introduced by Ho et al. (2008b). They speculated the similarity of the HI abundance
between AGN and the inactive galaxies, may be due to the fact that the feedback of black
holes could only expel gas close to the centers of the galaxies, but can not heat the gas
that spread all over the galaxies. On the basis of this hypothesis, the AGN feedback should
be confined to affecting the gas surrounding the jets or winds with narrow solid angle.
The AGN-related gaseous outflow might also be detected possibly, but the total amount of
outflow should be insignificant. If this assumption is really true, it is would be a challenge
to interpret the simultaneous suppression of star formations, because the distribution of star
formation regions is not barely restricted in the central part of galaxies except those with
violent starburst (Kennicutt & Evans 2012).
The puzzle (the AGNs lodge in gas-rich galaxies) could also be solved by some other
possible explanations. Firstly, if the AGN feedback does not push the gas out of the galaxies,
but just heats the gas too warm and sparse to condense the embryos of stars; or, if the
feedback just prevents the continuant inflow of fresh intergalactic gas, which is generally
considered as an important process for the disk galaxies to form stars (Chiappini et al.
1997, 2001), both these two assumptions would lead to the observational fact that AGNs
are hosted in the gas-rich mature galaxies without on-going star-forming. Alternatively, we
should notice that the beam of ALFALFA survey is about 3.5′, corresponding to a range of
40 to 200kpc from redshift at z∼0.01 to 0.05, which is a much larger coverage than the visible
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size of normal galaxies. Hence, if the neutral gas content has been pushed out of the visible
boundary of the hosts by the AGN feedback, yet not out of the gravitational potential well
controled by the dark matter halos, we could not point out where the gas is. In this case, we
can not ascertain the power of AGN feedback as well. Provided that the cold gas has really
been pushed out to the suburbs of the AGN-hostings, the star formation may be still exist on
the periphery. This supposition is in accordance with the hypothesis of inside-out formation
of galactic disks (Fraternali & Tomassetti 2012), but can not been confirmed by spectral
observations of SDSS due to the 3′′ diameter fiber. Actually, based on the observations of
integral field unit (IFU), Pracy et al. (2014) have found ongoing star formation outside the
center of two nearby E+A galaxies, while their central regions are absent of ionizing stars.
The coexistence of massive cold gas and quenching from AGN feedback (or environment
effects, which can not be ruled out but do not be considered in this work) in one galaxy is
a challenge for current hypotheses about galaxy evolution. All the assumptions listed above
can lead to the fact that the gas-rich mature galaxies host an active nucleus. But on the basis
of available HI observations, it is very hard to ascertain which assumption is the principle
one. The influence of AGN feedback on the surrounding gas has been smoothed down due
to the too large coverage of nowaday HI survey. Eventually, if one of the assumptions
is proved to be the truth, it is very possible that we have underestimated the power of
AGN feedback. In order to solve this problem, deep HI imagings with much better angular
resolution of diverse galaxies in large local samples are needful in the future, which could be
used to detect the variation of radial surface brightness of neutral gas. Alternatively, since
the molecular gas is denser and more concentrated than neutral gas (Bigiel et al. 2008), the
connections between AGN activity and molecular gas in the central region of galaxies could
be investigated detailedly as well.
4.4. The Bias of HI Selected Galaxies
The limitations are exist for HI surveys in terms of HI line emission, and some studies
have discussed this kind of bias (West et al. 2010; Martin et al. 2012). On the basis of the
α.40 data and by using the color-magnitude diagram (Baldry et al. 2004) to classify them
with optical color, Huang et al. (2012) found the major HI selected galaxies are the ones
belong to the blue cloud, while the optical red galaxies are rare in their sample. This means
the selection of HI observations are biased to the galaxies with current star formation. As a
by-product, the bias of blind HI survey on the spectral classifications could been presented
in this work.
For the various types of galaxies shown in Table 1, the fractions detected by ALFALFA
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are significant different. As expected, the star-forming galaxies are the ones discovered most
easily by HI survey, with a detection percentage of 37.7%. For the other four types of galaxies,
composites, AGNs (without considering the S/N of [OI] here), transitions & absorptions,
the fractions detected by ALFALFA are 32.3%, 29.7%, 18.6% & 2.1%, respectively. For
the Seyferts and LINERs with different EW(Hα) criteria, there is no valuable variation in
their HI detections (see Table 2). In a word, HI surveys are sensitive to the galaxies with
significant optical emission lines, and the invisibility for HI observations is only confined to
the galaxies with absorption or extremely weak emission lines.
The absorption line and weak emission line galaxies are generally old galaxies with
red color, in contrast with star-formings whose optcial appearances are usually blue, which
means they have different star formation history (SFH). The hosts of weak AGNs are usu-
ally considered as transitional or interim galaxies between old red and young blue galaxies
(Coil et al. 2008; Zehaviet al. 2011; Mendez et al. 2011). Therefore, it would be beneficial to
study the correlations between HI content and SFH in different types of galaxies. Figure 6
shows the MHI , M∗ & MHI/M∗ as a function of various factors, including u-r color (a1, a2,
a3), Dn(4000) (b1, b2, b3), R50/R90 (c1, c2, c3). Here, the model magnitudes at u & r
bands are used, and the K-correction that has been performed was based on the IDL code
supplied by Blanton (version tag v4 1 4). The method and the SEDs used by this code
were described by Blanton et al. (2003) and Blanton & Roweis (2007). The 4000A˚ break
index Dn(4000) is widely used as an excellent age indicator of the stellar population of a
galaxy until a few gigayears after the onset of star formation activity (Bruzual & Charlot
2003; Kauffmann et al. 2003b,c). Here, both of u-r color and Dn(4000) represent the SFH
of galaxies. The r band concentration parameters R50/R90 is defined as ratio of two radii
containing 50% and 90% of the Petrosian r band luminosity, and is often used to represent
the morphology of galaxies (Kauffmann et al. 2003b,c).
In Figure 6, the morphology of galaxies, represented by R50/R90, do not show correla-
tions with the MHI , M∗ & MHI/M∗. MHI changes slowly with u-r color & Dn(4000), but M∗
and MHI/M∗ are related with SFH closely: younger galaxies have less M∗ and larger MHI/M∗,
and vice versa. We can see that the AGN-hostings have red color and large Dn(4000), thus
they are definitely older than star-forming galaxies. In order to verify this conclusion again,
the correlations between u-r color & Dn(4000) are shown in Figure 7. Besides star-formings
& composites & AGNs, the transition and absorption line galaxies are also demonstrated in
Figure 7 with gray and black contours. The left and right panel of Figure 7 show the galaxies
in the α.40-SDSS & SDSS sample, respectively. The SDSS sample contains more transition
and absorption line galaxies, while these two types of galaxies are rare in the α.40-SDSS
sample. It is easy to find that, apart from some galaxies (all of them are Seyferts), most of
the AGNs have the similar u-r color & Dn(4000) with transition and absorption line galaxies.
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AGN-hostings have significant higher HI detection than transition and absorption line
galaxies, but they three types of galaxies show similar SFH. This means, for the galaxies with
similar stellar populations, AGN-hostings maintain more HI content than the ones without
AGN. If the central engine of an AGN-hosting has extinguished, only a red galaxy possessed
by evolved stars could be observed. However, as discussed above, the AGN-hostings are
gas-rich and the AGNs have not sufficient power to expel gas content in their hosts. Thus,
if an AGN-hosting would ultimately migrate to an old red galaxy with few cold gas, such as
the absorption line galaxy in this work, some questions that emerge are: when and how does
the AGN-hosting exhaust its gas content? Does the AGN quenching correlate with evolution
stage rather than AGN activity? Are there star formation regions on the periphery of AGN-
hostings, and how much of cold gas could be consumed by them? Besides AGN, are there
other quenching processes that could be responsible for the exhausting of gas? The detailed
investigations to these questions are definitely beyond the scope of this work. But solving
these problems are essential for understanding the evolution of galaxies.
4.5. LINERs
The similarity of LINERs and the galaxies dominated by old stellar populations has
been mentioned in previous sub-section. As a kind of dominant AGN (if it is) in local uni-
verse (Ho et al. 1997), the properties of LINERs should be studied detailedly. The physical
origin of LINERs has long been the subject of hot debate ever since they were identified
by Heckman (1980). For this type of galaxies, with relatively weak emission line, can
be produced by a wide array of ionization mechanisms (Wang et al. 2009; Annibali et al.
2010). One of the origins for LINERs that have been proposed is low accretion-rate AGN
(Ferland & Netzer 1983; Halpern & Steiner 1983). The galaxies with hot evolved stars,
such as AGB & p-AGB, might also contribute to the ionization budget (terlevich & Melnick
1985; Binette et al. 1994; Taniguchi et al. 2000). The fast shocks driven by supernovae or
stellar eject, is another major explanation to LINERs (Heckman 1980; Dopita & Sutherland
1995; Dopita et al. 1997).
The role of LINERs has been controversial, and one of the disputing points is the exist
of central active nucleus or not. The explanation with low accretion-rate AGN is strongly
supported by the detection of broad emission lines in the optical spectra in some of local
LINERs (Ho et al. 1997; Ho 2008). Other evidences, on the basis of observations from hard
X-ray to radio, also support this standpoint (Nagar et al. 2005; Gonza´lez-Mart´ın et al. 2009;
Terashima et al. 2000). Nevertheless, recently, some inconsistencies have been found between
observaions and the AGN-ionization hypothesis: Capetti & Baldi (2011) & Capetti (2011)
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found close connection between emission lines and stellar continuum; Yan & Blanton (2012)
find the line emission in the majority of LINERs is spatially extended, which has also been
supported by the observations with IFU (Bremer et al. 2013; Sarzi et al. 2010; Singh et al.
2013). Approximately all these studies proposed that the AGB & p-AGB stars are the
ionization sources (Trinchieri & di Serego Alighieri 1991).
Compared with Seyferts, Figure 7 shows more similarity between LINERs and the galax-
ies dominated by old stellar populations. In order to test it again, the correlations between
L[OIII] and the stellar mass are presented in Figure 8. In the left panel, the stellar mass,
M∗, was derived from the MPA-JHU catalog to represent the total stellar contents of the
galaxies. This panel is same as the panel (a2) of Figure 2. In the right panel of Figure 8, the
stellar mass was estimated by using the fiber photometries of SDSS on the basis of the equa-
tion supplied by Bell et al. (2003), who presented the relationship between various optical
colors and mass-to-luminosity ratios. Therefore, the stellar mass (hereafter as M∗(fiber)) in
the right panel of Figure 8 represents the stellar contents of the galaxies covered by the 3′′
diameter fiber of SDSS. The representations of the symbols and contours are the same as in
Figure 2. In the right panel of Figure 8, a correlation between M∗(fiber) and L[OIII] could
be seen for the star-formings (blue contour) and composites (green contour). Approximately
all the LINERs (red open & solid circles) show the same correlation with star-formings and
composites. But most of Seyferts (orange circles) show obvious higher L[OIII] than the oth-
ers, and only a small amount of Seyferts, especially the ones with -3.0A˚<EW(Hα)<-1.0A˚
(open orange circles), follow the correlation defined by star-formings and composites. Hence,
this may be another evidence for LINERs hosting non-AGN ionization sources. However, it
must be noted that almost all the evidences listed above, including the evidences in other
studies, can not ruled out the possibility of a weak active nucleus in the central part of
LINER; maybe the power of the AGN is barely confined to a significant small region.
Fabello et al. (2011) has found that the MHI/M∗ is a function of the Eddington ratio
for the optical selected AGNs (include Seyferts, LINERs and composites). The Eddington
ratio they used are traced by L[OIII]/σ
4, and σ represent the stellar velocity dispersion. Nev-
ertheless, the denominators of both L[OIII]/σ
4 and MHI/M∗ are dominated by old stellar
populations. Hence, if the [OIII] emission is ionized by stars instead of AGNs, a similar cor-
relation between L[OIII]/σ
4 and MHI/M∗, such as the one obtained by Fabello et al. (2011),
could be expected as well. In this context, the correlation between them do not reflect the
influence of AGNs at all.
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5. Summary
Based on a sample of galaxies selected from α.40 catalog, the dependence of the MHI ,
M∗ & MHI/M∗ on various tracers of AGN activity are presented and analyzed. The main
results described in this paper can be summarized as follows.
1. Approximately all the AGN-hosting galaxies (both type-II Seyferts and LINERs)
in α.40-SDSS sample are gas-rich galaxies. The neutral gas content in AGN-hostings is as
abundant as in star-forming and composite galaxies. But the MHI/M∗ of AGN-hostings is
lower than star-formings’ because the former contains more stars.
2. For the AGN-hosting galaxies (both type-II Seyferts and LINERs), there is no evi-
dence to indicate the dependence of MHI , M∗ & MHI/M∗ with the AGN activity: The MHI
and M∗ in these sources do not increase or decrease obviously with the raising of L[OIII], dSF
& IR slope.
3. It is puzzled that the AGNs lodge in gas-rich galaxies. But the beam size of ALFALFA
survey is about 3.5′, corresponding to 40 to 200kpc from redshift at z∼0.01 to 0.05, definitely
larger than the visible size of majority of galaxies. If the neutral gas content has been pushed
out of the visible boundary of the hosts by the AGN feedback, yet not out of the gravitational
potential well controled by the dark matter halos, we could not point out where the gas is.
More HI observations with much better angular resolutions are indispensable to solve this
puzzle.
4. HI surveys are sensitive to the galaxies with significant optical emission lines, and the
invisibility for HI observations is only confined to the galaxies with absorption or extremely
weak emission lines. AGN-hostings shown similar SFH with transition and absorption line
galaxies, but the former have significant higher HI detection. Therefore, if an AGN-hostings
would ultimately migrate to an old red galaxy with few cold gas, some puzzles, such as when
and how the AGN-hosting exhaust its gas content, should be solved by future hypotheses
and observaitons.
5. LINERs in α.40-SDSS sample prefer to contain more stars than Seyferts, and LINERs
follow the correlations between L[OIII] and stellar mass defined by star forming and composite
galaxies. These may be another evidence for LINERs hosting non-AGN ionization sources.
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Fig. 1.— The BPT diagnostic diagram: [NII]/Hα vs [OIII]/Hβ & [OI]/Hα vs [OIII]/Hβ.
In the left panel, the criteria from Kauffmann et al. (2003a) and Kewley et al. (2001) are
illustrated as dotted and dashed curves, respectively. The objects below the dotted curve,
represented by blue dots, are defined as star-forming galaxies. The green crosses between the
above two curves are those classified as composite galaxies. The open and solid circles above
the dashed curve denote AGNs, the circles with red and orange colors represent LINERs &
Seyferts, respectively. In the right panel, the dashed curve is the criteria from Kewley et al.
(2001). Blue dots and green crosses denote star-forming and composite galaxies classified in
the left panel. A solid line raising from the dashed curve, defined by Kewley et al. (2006),
is a boundary to distinguish Seyferts (orange) from LINERs (red). The solid circles above
the dashed curve represent the Seyferts or LINERs with EW(Hα)<-3.0A˚; the open circles
represent the ones with -3.0A˚<EW(Hα)<-1.0A˚. The two big black solid circles in the right
panel denote the base points for Seyfert and LINER branches to estimate the distance from
the star-forming sequence dSF defined by Kewley et al. (2006).
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Fig. 2.— Comparing the MHI , M∗ & MHI/M∗ with various factors, including L[OIII] (a1, a2,
a3), [OIII]/Hβ (b1, b2, b3), dSF (c1, c2, c3). The solid orange & red circles in these panels
represent the Seyferts and LINERs with EW(Hα)<-3.0A˚; the open orange & red circles
represent the Seyferts and LINERs with -3.0A˚<EW(Hα)<-1.0A˚. Blue and green contours
denote the locations of star-forming galaxies and composites, respectively.
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Fig. 3.— Comparing the MHI , M∗ & MHI/M∗ with L[OIII] in four different redshift bins.
From left to right, the redshift coverage is: 0.01∼0.02, 0.02∼0.03, 0.03∼0.04, 0.04∼0.05.
The denotations of the symbols and contours are the same as in Figure 2.
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Fig. 4.— Left panel is the color-magnitude diagram based on the observations of WISE.
m3.4µm & m4.6µm refer to the 3.4 & 4.6 µm apparent magnitudes in Vega system. Right
panel present the correlations between IR color and L[OIII]. The denotations of the symbols
and contours are the same as in Figure 2.
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Fig. 5.— Comparing the MHI , M∗ & MHI/M∗ with IR color. The denotations of the symbols
and contours are the same as in Figure 2.
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Fig. 6.— Comparing the MHI , M∗ & MHI/M∗ with various factors, including u-r color (a1,
a2, a3), Dn(4000) (b1, b2, b3), R50/R90 (c1, c2, c3). The denotations of the symbols and
contours are the same as in Figure 2.
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Fig. 7.— The correlations between u-r color and Dn(4000) for the galaxies belong to α.40-
SDSS sample (left) or SDSS sample (right). The solid orange & red circles in both panels
represent the Seyferts and LINERs with EW(Hα)<-3.0A˚; the open orange & red circles
represent the Seyferts and LINERs with -3.0A˚<EW(Hα)<-1.0A˚; Blue and Green contours
denote the locations of star-forming galaxies and composites; while the gray and black con-
tours denote the locations of transitions and absorptions, respectively.
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Fig. 8.— The correlations between stellar mass and L[OIII]. The stellar mass used in the
left panel is the total stellar mass (M∗) of the galaxies; while the stellar mass used in the
right panel is the stellar mass in the area coverd by 3′′ diameter fiber of SDSS (M∗(fiber)).
The denotations of the symbols and contours are the same as in Figure 2.
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Table 1. The numbers of samples with different spectral types
Sample star − forming composite AGN AGN([OI]) transition absorption
α.40-SDSS 5162 490 153 141 485 72
SDSS 13706 1517 515 460 2608 3389
% 37.7 32.3 29.7 30.6 18.6 2.1
Note. — The third row is the fraction numbers detected by ALFALFA survey. Col.(4): AGN
number based on selection of [NII]/Hα versus [OIII]/Hβ diagram; Col.(5): AGN number with
the S/N of the flux of [OI] emission lines >3σ.
Table 2. The numbers of Seyferts & LINERs with different EW(Hα)
Sample Seyf (<-1.0A˚) Seyf (<-3.0A˚) LINER (<-1.0A˚) LINER (<-3.0A˚)
α.40-SDSS 80 70 58 18
SDSS 273 226 174 69
% 29.3 31.0 33.3 26.1
Note. — Same as Table 1, the third row is the fraction numbers detected by AL-
FALFA survey. Col.(2) & (4): the numbers of Seyferts & LINERs with EW(Hα)<-1.0A˚,
the minus sign means emission; Col.(3) & (5): the numbers of Seyferts & LINERs with
EW(Hα)<-3.0A˚.
